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CLAIMS 



[Claim(s)] 

[Claim 1] The combustion chamber formed between the cylinder head and the crowning of 
a piston, and the nozzle which injects a fuel to said combustion chamber, The electrode of 
the cavity cut in the top face of said piston, and the ignition plug faced and prepared in said 
cavity, It is the gasoline direct-injection engine which was formed around said cavity in the 
top face of said piston and which heaps up and has a field. The gasoline direct-injection 
engine characterized for the slant face of an include angle smaller than the include angle to 
the flat surface which intersects perpendicularly with the cylinder shaft of the head-lining 
side of said combustion chamber by said thing [ having heaped up and having prepared in 
the field]. 

[Claim 2] The combustion chamber formed between the cylinder head and the crowning of 
a piston, and the nozzle which injects a fuel to said combustion chamber, The electrode of 
the cavity cut in the top face of said piston, and the ignition plug faced and prepared in said 
cavity, It is the gasoline direct-injection engine which was formed around said cavity in the 
top face of said piston and which heaps up and has a field. The slant face of an include 
angle smaller than the include angle to the flat surface which intersects perpendicularly 
with the cylinder shaft of the head-lining side of said combustion chamber is established in 
the aforementioned peak raising side. The gasoline direct-injection engine characterized by 
having prepared the swirl cutoff wall in the periphery section of said cavity, and preparing 
the notch which escapes the electrode of said ignition plug at the time of a piston rise in 
said cutoff wall. 

[Claim 3] Claim 1 characterized by setting up the vertical angle of cone spraying so that all 
gasoline spraying that makes the shape of a cone may be settled in said cavity in the piston 
location of fuel injection timing, if it is in a stratification lean combustion mode region at 
least, or a gasoline direct-injection engine given in 2. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the gasoline direct- injection engine which 
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has the piston which comes to cut a groove a cavity in the crowning. 
[0002] 

[Description of the Prior Art] As a gasoline direct-injection engine which formed the swirl 
style in the combustion chamber, while cutting a cavity in the crowning of a piston, what it 
heaped up for the compression ratio setup and established the field on the outskirts of a 
cavity of the top face of a piston is indicated by JP,2000*34925,A. He heaps up with a 
PENTO roof mold combustion chamber, and is trying to be parallel in general in a mutual 
opposed face with a field according to this. 
[0003] 

[Problem(s) to be Solved by the Invention] However, if it heaps up according to the 
structure indicated by the above-mentioned official report and a field and a combustion 
chamber head-lining side carry out a closest approach to a compression stroke anaphase, 
since it will heap up and the clearance between a field and a combustion chamber 
head-lining side will decrease rapidly, the swirl style in which the swirl style stopped being 
able to pass this part easily, and lost the place to go to will flow directly in a cavity. 
Consequently, the gaseous mixture generated at the circumference of an ignition plug will 
be blown away, and there was a fear of ignitionability getting worse. 

[0004] This invention is thought out so that it may cancel the trouble of such a 
conventional technique, and the main purpose is in offering the gasoline direct-injection 
engine constituted so that it was not necessary to spoil ignition stability. 
[0005] 

[Means for Solving the Problem] In order to achieve such a purpose, in claim 1 of this 
invention The combustion chamber formed between the cylinder head (CH) and the 
crowning of a piston (5) (1), The nozzle (2) which injects a fuel to a combustion chamber, 
and the cavity cut in the top face of a piston (6), In the gasoline direct-injection engine 
which was formed around the cavity in the electrode (3) of the ignition plug faced and 
prepared in the cavity, and the top face of a piston and which heaps up and has a field (7) 
The slant face of an include angle smaller than the include angle to the flat surface which 
intersects perpendicularly with the cylinder shaft of the head-lining side of said 
combustion chamber was made into said thing [ heaping up and preparing in a field ]. 
[0006] Since the direct inflow of the swirl style into a cavity is controlled since it heaps up 
and change of the clearance between a field and a combustion chamber head-lining side 
can be made loose, if it does in this way, and the gaseous mixture of the circumference of 
an ignition plug is held, ignition stability does not need to be spoiled. 

[0007] And in claim 2, we decided in addition to the above-mentioned configuration, to 
prepare a swirl cutoff wall (10) in the periphery section of a cavity, and to prepare the 
notch (11) which escapes the electrode of an ignition plug at the time of a piston rise in a 
cutoff wall. 

[0008] thus -- if it carries out - the above-mentioned operation - in addition, the direct 
inflow of the swirl style into a cavity is interrupted with a swirl cutoff wall, and the inflow 
of the swirl style into the cavity from the notch for ignition plug recess can also be 
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controlled. 

[0009] Moreover, in claim 3, if it was in the stratification lean combustion mode region at 
least, we decided to set up the vertical angle of cone spraying so that all gasoline spraying 
that makes the shape of a cone may be settled in the cavity in the piston location of fuel 
injection timing. 

[00 10] thus if it carries out, since it can realize combustion by which the air-fuel ratio in 
a cavity was kept proper, and was stabilized since the fuel spray reached only in the cavity 
in the stratification lean combustion mode region and the adhesion of a gasoline to the 
inside of a cylinder can moreover be reduced in all operation mode regions - exhaust air - 
the lubricating oil dilution by aggravation and the gasoline of description can be controlled. 
[0011] 

[Embodiment of the Invention] This invention is explained to a detail with reference to the 
drawing of attachment in the following. 

[0012] Drawing 1 shows the circumference of the combustion chamber of the gasoline 
direct-injection engine constituted based on this invention. As for the combustion chamber 
1 formed in the cylinder head CH of this engine, the electrode 3 of an ignition plug has 
projected the PENTO roof mold in the location by which the nozzle 2 of a fuel injection 
valve has been arranged by nothing and its abbreviation center section, and was pinched 
in them in two exhaust air ports (not shown). Moreover, the core of a nozzle 2 is deflecting 
or a little to the electrode 3 side of an ignition plug to the core of a cylinder 4. 
[0013] The cavity 6 is cut in the top face of a piston 5. The volume of this cavity 6 is set up 
so that it may become about 20 - 30% of the complete product of the combustion chamber 1 
containing a cavity 6. By making a cavity volume ratio into this range When being 
controlled so that the air-fuel ratio in a cavity 6 turns into theoretical air fuel ratio (14.7) at 
ignition timing in order to secure the ignitionability by the electrode 3 of the ignition plug 
made to enter a little the location which approached the exhaust air port side in a cavity 6, 
when a piston 5 is in a top dead center About 2 to 4 times [ of the cavity volume ] new mind 
will exist in the part besides the cavity 6 of a combustion chamber 1, and a comprehensive 
air-fuel ratio can realize super-lean combustion called 45 to about 70. 

[0014] Moreover, the cavity 6 is deflected to the exhaust air port 3, i.e., electrode of ignition 
plug, side, and he is trying to locate an electrode 3 in a center section as a cavity 6 is made. 
Thereby, as compared with a periphery, since the gap of a setting air-fuel ratio is small, the 
center section of the cavity 6 can obtain good combustion. 

[0015] Since few fuels will be injected to the cavity 6 of the large volume, the air-fuel ratio 
in a cavity serves as the Lean inclination in a low loading region, as the air-fuel ratio in a 
cavity serves as a rich inclination since many fuels will be injected to the cavity 6 of the 
small volume in a heavy load region as the above-mentioned cavity volume ratio 
incidentally becomes a small value, and a cavity volume ratio becomes this big value 
conversely. That is, since the cavity volume ratio from which specific fuel consumption 
serves as best changes with loads as shown in drawing 2 , real transit fuel consumption of 
a car can be made best by setting up a cavity volume ratio corresponding to the load used 
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abundantly in a common operation region. In the example of drawing 2 , making a cavity 
volume ratio into about 25% can call it best. 

[0016] As shown in drawing 3 and drawing 4 , it heaps up in the top face T of a piston 5 for 
a compression ratio setup, and the field 7 is formed in it. this - it heaps up, and slant-face 
8a and 8b are formed in the exhaust air port side of a field 7 so that it may heap up from 
piston-top -surface T and may tie to a field 7 gently. The include angle gamma of this slant 
face 8 to piston-top -surface T (flat surface which intersects perpendicularly with a cylinder 
shaft) is made smaller than the include angle beta to piston-top-surface T by the side of the 
exhaust air port of the PENTO roof mold head-lining side 9 of a combustion chamber 1 
(beta>gamma) . 

[0017] On the other hand, it heaps up over the abbreviation perimeter, and as shown in 
drawing 5 , it is high in the periphery section of a cavity 6 about further 3"5mm from a field 
7, and the swirl cutoff wall 10 whose width of face is about 3"8mm is formed in it. When a 
piston 5 reaches a top dead center, in order to make it not interfere in this swirl cutoff wall 
10 with the electrode 3 of an ignition plug, the notch 11 as recess is formed. 
[0018] Now, supposing it heaps up temporarily here and the tilt angle gamma of the 
exhaust air port side edge of a field 7 is equal to the tilt angle beta of the PENTO roof mold 
head-lining side 9 (beta=gamma), in order that it may heap up and the clearances between 
the PENTO roof mold head-lining sides 9 of the part of the exhaust air port side edge of a 
field 7 may decrease in number rapidly in a compression stroke anaphase, the swirl style 
(the arrow head S in drawing 3 ) which circles in the inside of a combustion chamber 1 
stops being able to pass this part easily. Then, the swirl style which lost the place to go to 
will flow in a cavity 6 from the notch 11 formed in the swirl cutoff wall 10, in order to 
escape the electrode 3 of an ignition plug. And the high swirl style of this rate of flow will 
blow away about three-electrode gaseous mixture, and will make ignition difficult. 
[0019] It the configuration like the above, i.e., slant-face 8a of the upstream of the swirl 
style of the notch 11 which escapes the electrode 3 of an ignition plug, and slant-face 8b of 
the downstream If it considers as an include angle (beta>gamma) smaller than the include 
angle to the flat surface which intersects perpendicularly with the cylinder shaft of the 
head-lining side 9 of a combustion chamber 1 The path cross- sectional area of the swirl 
style formed between the PENTO roof mold head-lining sides 9 can be changed gently, and 
it can prevent a high-speed swirl style flowing directly into a cavity 6. If it is in 
comparatively few low loading regions of fuel quantity, since an about three electrode [ of 
an ignition plug ] air-fuel ratio is kept proper by this, stable ignition is attained. 
[0020] And in comparatively many heavy load regions of fuel quantity, since the fuel fog 
which overflowed from the cavity 6 can be mixed with new mind by the swirl style besides 
a cavity 6 while securing the proper air-fuel ratio in a cavity 6 like the above, while about 
three electrode [ of an ignition plug ] gaseous mixture prevents becoming rich and can 
realize stable combustion, smoked generating can also be suppressed. 

[0021] Although the stable combustion of those other than a heavy load region will become 
impossible if there is no swirl cutoff wall 10, it is shown in drawing 6 that cross to the 
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whole region by establishing the swirl cutoff wall 10, stable combustion is attained, and 
fuel consumption moreover also becomes good. 

[0022] By the way, it is common that the nozzle 2 of a fuel injection valve is set up so that 
the spraying configuration of a fuel may make approximate circle drill type, but since a 
part of gasoline spraying disperses that it is excessive out of a cavity 6 in a stratification 
lean combustion mode region, the air-fuel ratio in a cavity 6 Lean-izes the vertical angle 
(angle of spray) of the cone spraying, and it causes combustion aggravation, if an angle of 
spray becomes still larger, since [ moreover, ] a gasoline will adhere to the inside of a 
cylinder 4 in all operation mode regions exhaust air - while causing aggravation of 
description, there is a possibility that a lubricating oil may be diluted with a gasoline. 
[0023] Then, in the piston location in fuel injection timing, when the include angle of the 
straight line which connects the cavity inner circumference edge and nozzle core of a near 
side focusing on a nozzle, and the medial axis of a nozzle 2 to make is set to alpha, it is good 
to set up so that the angle of spray in a stratification lean combustion mode region may 
become less than 2alpha at least (refer to drawing 7 ). 

[0024] The fuel spray can be made to reach only in a cavity 6 in a stratification lean 
combustion mode region by setting up an angle of spray within the above-mentioned 
include angle (2alpha). that is, since it can control that a gasoline adheres to the inside of a 
cylinder 4 in all operation mode regions, the above-mentioned problem avoids - having -- 
exhaust air - the combustion by which whose description was good and was stabilized is 
realizable. 

[0025] In addition, if it sets up so that an angle of spray may become less than 2delta when 
the include angle of the straight line which connects the cavity inner circumference edge 
and nozzle core of a near side focusing on a nozzle, and the medial axis of a nozzle 2 to 
make is set to delta in a piston bottom dead point, as shown in drawing 8 Since fuel 
injection is started in the location which rose a little rather than the bottom dead point in 
the usual stratification lean combustion mode, The fuel spray can be made to reach 
certainly only in a cavity 6, and since the fuel spray collides only in a cavity 6 in order that 
a piston 5 may moreover be in which location, Lean-izing of the air-fuel ratio in a cavity 6 
and gasoline adhesion in the inside of a cylinder 4 are avoided certainly. 
[0026] 

[Effect of the Invention] Since according to claim 1 of this invention the direct inflow of the 
swirl style into a cavity is controlled and the gaseous mixture of the circumference of an 
ignition plug is held as explained above, ignition stability is secured upwards and big 
effectiveness can be done so. 

[0027] Moreover, according to claim 2, since the direct inflow of the swirl style into a cavity 
is interrupted with a swirl cutoff wall and the inflow of the swirl style into the cavity from 
the notch for ignition plug recess is also controlled, ignition stability is raised further 
upwards and it is effective. 

[0028] and since according to claim 3 combustion by which the air-fuel ratio in a cavity 
was kept proper, and was stabilized since the fuel spray reached only in the cavity in the 
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stratification lean combustion mode region can be realized and gasoline adhesion in the 
inside of a cy Under moreover decreases in all operation mode regions - exhaust gas - it is 
not necessary to cause the lubricating oil dilution by aggravation and the gasoline of 
description 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] Drawing of longitudinal section of the circumference of the combustion 
chamber of the direct-injection engine to which this invention was applied 
[Drawing 2] The graph which shows the relation between a cavity volume ratio and specific 
fuel consumption 

[Drawing 3] The plan of the piston by this invention 

[Drawing 4] Important section drawing of longitudinal section showing the relation 
between a combustion chamber and a piston crowning 

[Drawing 5] The front view of the piston which excises in part and is shown along with the 
V - V line of drawing 3 

[Drawing 6] The graph which shows the relation between net work (engine load) and 
specific fuel consumption 

[Drawing 7] Drawing of longitudinal section of the circumference of the combustion 
chamber in a certain fuel injection timing 

[Drawing 8] Drawing of longitudinal section of the circumference of the combustion 
chamber in a piston bottom dead point location 
[Description of Notations] 

1 Combustion Chamber 

2 Nozzle of Fuel Injection Valve 

3 Electrode of Spark Plug 

4 Cylinder 

5 Piston 

6 Cavity 

7 Heap Up and it is Field. 

8 Slant Face 

9 Head-Lining Side of Combustion Chamber 

10 Swirl Cutoff Wall 

11 Notch 
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vt- ■< 6 si-©* -;uaE(c j: o xmrncm^imz C 
t&xzzox. ^©««3ja^©jg^*ja 

- f^fem -5 C <t *S-C# -S. 
[0 02 1 ] ^7-;U3t»rSl 0*s^(,»£, iS^«lJW 
30 nr©^S«5«l«^:pIfi6<!:> k j:-&*. X-7-JHfflSrltl 0 

[0022]iC5t, j8!ll|54©i«l»l^t^l«n*^*tt 
t J: 5 «: jtSSf4««#P© ^ 2 *«taflE S *i S c t 

+ -/ 6^?l«R-r SfctotC^ tCf<6 1*3© 
^tb**';->fb0Ttt&«JS<b«:J3<. *fc»Wfft*sS 
6tc^:#<Ji:-5» < b < ^aWE*- K««:*jc^-c->U>^4 
40 ©rtffitctf v «; >*s#»-T -5;fc«>tegE£U41*©fflMt*JS 

[ 0 0 2 3 ] -eCT. «S5*4*«B$»!-C©f^ h 

^X;n*"^«:iai.»flW©+i'e-^^i*3^i(iiyX 

4 a t L/fcB#^C. 4>^c < i tfiS;)l#»«*M*- YWX<D 

M) . 

[0 024] ±!E©aa (2a) Wl*3«:«»ft4R5£-r 
50 SCitCfcO. J38Bft»«i*E*- KJStCte^-C*SSI4*S 



C4) 



[0 02 5] frfe. H8«:^-r«t^tC. fcfXF>T5E£. 
Ofr fc'X h > 5 # £©tt«(C * 3 5 £ fcjBKfcMRtt* 

j&tb© y - x b-*>-> y > ^ 4 ©rts^©*/ v y 

[0026] 

[&9i©3!j*] lUJbiftajLfccfc 5 ##feW©lfWBa 1 
iC Jcfttf . * + tr^ 4 F«3^©* -7 -.»W«t©i6tfgA<J&ifcA 

[0 02 7] */cUt3j£g|2K:<fcnBf. ttKf^^© 

-»*a>4±tcjsi!iiiie<j-c* 4. 

[002 8] -toraMBiatcAttK. fiSH«W«S«i* 
S©T?> + + t^^l*3©^tt!ktt*saUEK:«fcnTSSL/*30 
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6 

>f ©rt®^©^v y >«#*i««-r4©-c. p#xi4 

[HBBOMttclWH] 

[hi ] *ife^dJafflsn/ciai«x>^>©«s#i«iiio 

©ISIffilB 

[12] **tf^S^<t«tt«JM5£©Wfli*m-r 

[0 3 ] *»^(c<t >©±ffiia 

[04] «S«^<l:tXh>]iaJ<!:©IW^*^SS|J«IISr 



[05] 03©V-V«lC&oT-gB9JI£LT7jVrfc:-X 
h >©IEffi0 

[06] jEU*{±* (x>iS>*m) i«R*4^«^«tOI»l 

[0 7] *£«m*»^^©&«^ia9©«W00 
[0 8] fcTX h >T5E^(4ar©ttS«Efflil 0 ©«S»fffi0 
[W#©Sili] 
1 

2 imm&ftosx* 

3 ■fufcovm 

4 ->y>y 

5 t'X h > 

6 *+f?w 
7 

8 (41H 

9 mmmomm 

10 

1 1 WXB 



[01 ] 



[02] 



C5) 
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[03] CH4] 




JfSHS 2002-89267 



[H8] 




(5i)mt.a. 7 mm^ 

F 0 2 M 61A8 3 6 0 

F 0 2 P 13/00 3 0 3 

«snfp*Tfi**iTg4#i# 



F I t-to-K C##) 

F 0 2 M 61/15 3 6 0 J 

F 0 2 P 13/00 3 0 3 Z 

F 3C019 AA09 KA12 KA15 

3G023 AA08 AB03 AC05 AD01 AD09 
AG01 

3C024 M02 AA04 BAOO DA01 FAOO 
3C066 AA02 AA03 AA05 AB02 AD12 
BA14 CC34 CC48 



